Objective To determine the frequency of and predictive factors for optic nerve head edema (ONHE) among patients with headache, neurologic deficit, visual loss, or elevated blood pressure in the emergency department (ED).
Optic nerve head edema (ONHE) is one of the most important red flags among patients presenting to the emergency department (ED). 1, 2 The presence of ONHE often signifies underlying ocular inflammatory or ischemic disease (e.g., optic neuritis, posterior uveitis, or ischemic optic neuropathy), neurologic disease with elevated intracranial pressure (ICP) (e.g., intracranial tumors, idiopathic intracranial hypertension [IIH] , meningitis), or systemic diseases (e.g., malignant hypertension). Hence, detection of ONHE often triggers multiple investigations, including neuroimaging and lumbar puncture, specialty consultations, and hospital admission.
The Fundus Photography vs Ophthalmoscopy Trial Outcomes in the Emergency Department (FOTO-ED) was a prospective 3-phase study that looked at the feasibility, diagnostic accuracy, and use of nonmydriatic fundus photography among patients presenting to the ED. [3] [4] [5] [6] [7] These studies showed that nonmydriatic retinal photography in the ED is feasible, is superior to direct ophthalmoscopy, and may improve patient care and outcomes when systematically performed in selected patients. 8 There is limited knowledge about the prevalence of ONHE in ED patients. The purpose of our study was to describe the frequency of and predictive factors for ONHE among patients presenting to the ED with a chief complaint of headache, acute neurologic deficit, acute vision loss, or an elevated blood pressure (BP) in the FOTO-ED study. In addition, we evaluated whether ONHE altered the management and disposition of these patients.
Methods
Standard protocol approvals, registrations, and patient consents The study was approved by our Institutional Review Board. Informed consent was obtained from study participants enrolled in phases I and II of the FOTO-ED study with a modified written consent procedure. Phase III was a quality improvement project reviewed as exempt from Institutional Review Board review at the time of execution, and we obtained approval for a retrospective review of cases included during phase III for this study.
Study population
The present analysis is a cross-sectional study of the subset of patients in the FOTO-ED study with ONHE in 1 or both eyes compared to those without ONHE. The FOTO-ED study was a 3-phase sequential, cross-sectional study conducted between April 2009 and August 2011 (phases I and II) and between March and December 2014 (phase III). The first phase evaluated the routine clinical use of direct ophthalmoscopy by emergency providers (EPs) (350 patients), 4 whereas the second phase evaluated the routine use of nonmydriatic ocular fundus photography interpreted by the EPs (354 patients). 5 Between the first and second active FOTO-ED enrollment phases, an additional 118 patients meeting all relevant study criteria were included. 6 The third phase was a quality improvement project evaluating a web-based educational module on fundus photography interpretation by EPs (586 patients). 7 The inclusion criteria for the FOTO-ED study were adult patients presenting to the ED with a chief complaint of headache, focal neurologic deficits, acute vision loss, or diastolic BP ≥120 mm Hg.
Fundus photographs
Photographs of the posterior pole of the ocular fundus (optic disc, macula, and major retinal vessels) were obtained from both eyes of patients with a nonmydriatic ocular fundus camera (Kowa nonmyd-a-D 5-megapixel camera; Kowa Optimed, Inc, Torrance, CA) according to previously described methods. 3, 4 All photographs were reviewed by at least 2 neuroophthalmologists. Photograph quality was rated on a 5-point scale as previously described. 9 Fundus photographs identified as having ONHE were subsequently reviewed by 3 neuro-ophthalmologists for laterality (unilateral or bilateral), distribution (segmental or diffuse), and severity per the modified Frisén scale. 10 When disc edema was bilateral but asymmetric, the grade in the worse eye was used. Associated optic nerve head pallor was also noted. For the purposes of statistical analysis, severity of the ONHE was graded on a binary scale: severe (Frisén grade ≥3) and mild to moderate (Frisén grades 1-2).
Data collected on all participants Data regarding demographics (age, sex, race, and body mass index [BMI]), presenting complaints, and referral pattern to the ED were collected prospectively for all patients. Medical history, medications, imaging, diagnosis by EPs, final diagnosis, consultations, length of stay in the ED, and other interventions were ascertained from medical records. Brain imaging interpretations were based on the final radiology reports.
Glossary BMI = body mass index; BP = blood pressure; ED = emergency department; EP = emergency provider; FOTO-ED = Fundus Photography vs Ophthalmoscopy Trial Outcomes in the Emergency Department; GVF = Goldmann manual perimetry; HVF = Humphrey visual field; ICP = intracranial pressure; IIH = idiopathic intracranial hypertension; IQR = interquartile range; ONHE = optic nerve head edema; OP = opening pressure; OR = odds ratio.
Data collected on patients with ONHE only Snellen visual acuity, visual field testing (Humphrey visual fields [HVFs] or Goldmann manual perimetry [GVF]), pupillary examination, and concomitant cranial nerve palsies at the time of presentation and follow-up were recorded for the patients with ONHE.
For analysis, Snellen visual acuity was converted to logMAR visual acuity. Formal visual fields were systematically reviewed. Mean deviations were recorded for the HVFs. All visual field defects (both HVFs and GVFs) were graded on a 4-point scale as (1) normal, (2) enlargement of the blind spot, (3) nasal or temporal defect, or (4) diffusely constricted. 11 For analysis, in patients with unilateral ONHE, the affected eye was used; for patients with bilateral ONHE, the worse eye was used. 
Results

Demographic and clinical features of patients with ONHE
The FOTO-ED studies included 1,408 patients, among whom 37 (2.6%, 95% confidence interval 1.9-3.6) had ONHE. Median age of patients with ONHE was 31 (IQR 26-40) years; 73% (27 of 37) were women; and 76% (28 of 37) were black. Chief complaints included headache (18 of 37), acute vision loss (10 of 37), acute neurologic deficit (4 of 37), elevated BP (2 of 37), headache and vision loss (2 of 37), and vision loss and neurologic deficit (1 of 37). Median duration of presenting complaints was 6 (IQR 2-15, range 1-120) days.
ONHE was bilateral in 27 of 37 (73%) patients. Among these 27 patients, ONHE was diffuse in 26 (96%) and severe (Frisén grade ≥3) in 23 (85%). Among the 10 patients with unilateral edema, ONHE was diffuse in 8 (80%) and severe in 4 (40%). Six of the 37 (16.2%) patients also had pallor indicating atrophic ONHE. Four (10.8%) had associated cranial nerve palsies (2 patients with IIH, 1 with shunt dysfunction with unilateral or bilateral nerve VI palsies, and 1 with neurosarcoidosis with cranial nerve III, VI, and VII palsies).
Visual function of patients with ONHE At presentation, median visual acuity (available for 23 patients) was 0.1 logMAR (range 20/20 to no light perception). Formal visual fields were performed in 18 patients and demonstrated a central field defect in 9 (50%), enlargement of the physiologic blind spot in 4, a nasal/temporal field defect in 2, and diffuse constriction in 3.
For the 18 patients with visual acuity data and follow-up of at least 3 months, median improvement in visual acuity was 1 line (range 0-0.3) logMAR. Among 10 patients for whom follow-up visual fields were available, 4 (40%) showed improvement, 3 (30%) were stable, and 3 (30%) were worse.
At last follow-up, 12 of 18 (67%) patients had good recovery, 2 (11%) had final visual acuity of no better than 20/100, and 2 (11%) had severe visual impairment with final visual acuity of no better than 20/200.
ED management and outcomes of patients with ONHE
Twenty-three (62%) patients with ONHE were admitted to the hospital for further evaluation and management. Median hospital length of stay was 2 (IQR 1-3, range 0-21) days. Average follow-up available was 42 (range 0-387) weeks. Seventeen (46%) patients were lost to follow-up.
On average, each patient was referred to 2 physicians (IQR 1-2, range 1-3); however, 5 (13.5%) patients were referred to >2 specialists. Twenty-six (70.3%) were referred to a neuroophthalmologist.
Thirty-three (89%) patients underwent neuroimaging. The median number of neuroimaging studies performed was 2 (IQR 1-3, range 0-4). Eleven (30%) patients underwent >2 imaging modalities. Twenty-five of 33 (76%) patients who underwent neuroimaging had an acute abnormality. Among the 21 patients in whom ONHE was first detected by photographs in the ED, the final diagnosis for 7 (33%) was consequently changed to IIH, resulting in altered management and disposition. In another 3 patients who were referred to the ED with a diagnosis of ONHE, intra-ED photographs convinced EPs to pursue further workup with a resultant change in final diagnosis (1 patient initially diagnosed with tension headaches was ultimately diagnosed with IIH, and 2 patients initially diagnosed with IIH were found to have cerebral venous sinus thrombosis).
Comparison to patients without ONHE
Patients with ONHE tended to be younger (median age 31 vs 46 years, p < 0.001), had a higher BMI (34.3 vs 27.9 kg/m 2 , p < 0.001), and were more frequently black (76% vs 54%, p = 0.01) compared to patients in the non-ONHE group (table 1) . Patients with ONHE were more likely to present with acute vision loss (35% vs 16%, p = 0.01) and to have a history of IIH (14% vs 2%, p < 0.001) and systemic thyroid dysfunction (5% vs 0%, p = 0.02) than patients in the non-ONHE group.
Patients with ONHE were more likely to be admitted to and stay longer in the hospital, to undergo brain imaging, and to have abnormal neuroimaging (table 1) . In addition, they were more likely to be referred to other physicians and to be seen in neuro-ophthalmology consultation.
Multivariable
Discussion
Our study found that 2.6% of patients presenting to the ED with a chief complaint of headache, acute vision loss, focal neurologic deficit, or a diastolic BP ≥120 mm Hg had ONHE. This implies that ≈1 of every 38 patients presenting to the ED with these features has ONHE, reiterating the importance of ocular fundus examination in these patients.
Although there is limited literature reporting the prevalence of ONHE among patients in the ED, prior studies have suggested that ONHE might be observed among 2% to 28% of patients presenting to the ED with neurologic conditions such as intracranial tumors, 13 aneurysms, 14 or meningitis. 15, 16 The higher prevalence of ONHE seen in these studies compared with ours likely represents enrichment from their narrower inclusion criteria.
In our study, headache was the most common presenting complaint. Headache is the fourth most common chief complaint among patients presenting to EDs and is the single most common neurologic complaint. 17 The presence of ONHE in patients with headache signifies a secondary cause for the headache and the need for further urgent evaluation. 2, 18, 19 In our current study, 19 of 630 (3%) patients with headaches had ONHE. This suggests that ONHE would be present in ≈90,000 of the >3 million patients who visit EDs for headache every year in the United States, underscoring the importance of ocular fundus examination among all patients presenting to the ED with headache for whom ONHE may be the only indication of severe underlying disease. 20 Acute vision loss was the second most common complaint seen in patients with ONHE and was the only presenting complaint that was more frequent in the ONHE group than in the non-ONHE group (tables 1 and 2). Although only a few hypertensive patients had ONHE (diagnostic of grade IV hypertensive retinopathy), our prevalence of ONHE in malignant hypertension was similar to prior reports. 21, 22 Because these patients are at high risk of end-organ damage, including renal failure, heart failure, and stroke, it is important to examine the ocular fundus when the BP is severely elevated to potentially identify this important clue to the severity of the disease.
In our study, elevated ICP (secondary to IIH, CSF shunt malfunction, or cerebral venous sinus thrombosis) was the underlying etiology among almost all patients with bilateral ONHE. A prior report from an ophthalmic ED in France similarly found IIH to be the most common final diagnosis among 50 consecutive cases of bilateral disc edema. 23 In that study, 39 patients had elevated ICP on lumbar puncture, and further workup led to a final diagnosis of IIH in 30 patients and of cerebral venous thrombosis in 9. Because patients with IIH are usually unaware of visual field defects until vision is severely affected, these patients are often misdiagnosed as having primary headache disorders. Indeed, previous studies have reported that a majority of patients ultimately diagnosed with IIH visit the ED multiple times before their disease is diagnosed. 24, 25 Thus, it is critical that ocular fundus examination be performed lest an ED visit become a missed opportunity to make the correct diagnosis of IIH and to avoid potentially severe visual sequelae. Abbreviations: BMI = body mass index; BP = blood pressure; DM = diabetes mellitus; ED = emergency department; IIH = idiopathic intracranial hypertension; IQR = interquartile range; ONHE = optic nerve head edema. a The total percentage of complaints adds up to >100% because some patients had multiple complaints.
Unilateral ONHE was caused by increased ICP in 4 of our 10 patients, emphasizing that unilateral ONHE can also reveal intracranial hypertension. [26] [27] [28] The remainder of our patients with unilateral ONHE included 1 patient with malignant hypertension and 5 patients with unilateral optic neuropathies (3 with optic neuritis and 2 with nonarteritic anterior ischemic optic neuropathy). A higher proportion of optic neuropathies was seen in a study of 52 patients with unilateral ONHE presenting to an ophthalmic emergency room in whom the final diagnoses were anterior ischemic optic neuropathy in 27, papillitis in 17, pseudoedema in 2, and papilledema in 3. 29 Overall, EPs accurately detected ONHE in 69% of patients in whom ONHE was previously diagnosed but in only 24% of patients when it was not. However, it is important to note that in the FOTO-ED study phase I, the EPs failed to diagnose any cases of ONHE using direct ophthalmoscopy, emphasizing their substantially better performance when nonmydriatic fundus photography was made available to them during their routine ED care.
As expected, the detection of ONHE had implications for patient management and disposition in the ED. Patients with ONHE not only were more frequently imaged but also more often received consultation and hospital admission. The detection of ONHE on ED fundus photography changed the final diagnosis for 10 patients, a majority of whom had isolated headaches that would have otherwise been misdiagnosed. We analyzed differences in presenting complaints and clinical features in both groups to identify factors predictive of ONHE and found in our multivariable analysis that younger age, acute vision loss as a presenting complaint, and BMI >35 kg/m 2 independently predicted the presence of ONHE among these patients in the ED. History of vascular risk factors was less frequent among patients with ONHE, and prior diagnosis of IIH was more common among patients with ONHE. This is consistent with elevated ICP being the most common underlying mechanism of ONHE in our study.
Despite being the first study to the best of our knowledge to systematically look at the presence of ONHE among patients presenting to the ED, our study had limitations. The study was conducted in a tertiary ED that routinely evaluates patients with more severe disease; thus, the prevalence of serious and life-threatening illnesses may be higher than in a community setting. In addition, even though efforts were taken to include all possible patients, our study population was a convenience sample dependent on the availability of study staff to take photographs in the ED. 3 However, even if we assume that the patients who could not be enrolled were substantially different, our findings still have important implications for ED patient care.
Our study found that ONHE occurs relatively frequently in patients presenting to the ED with a chief complaint of headache, neurologic deficit, visual loss, or elevated diastolic BP and emphasizes the importance of ocular fundus examination in this group of patients. More widespread availability of nonmydriatic digital cameras will facilitate easier and more frequent ocular fundus examination in patients presenting to the ED and other settings such as general neurology clinics and headache centers.
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Study funding
Primary outcomes
The primary outcome was the presence of ONHE as diagnosed from fundus photography.
Main results and the role of chance ONHE was diagnosed in 37 (2.6%, 95% confidence interval 1.9-3.6) patients, of whom 27 (73%) had bilateral ONHE. These 37 patients presented with headaches (18), visual losses (10), acute neurologic deficits (4), elevated blood pressure (2), and multiple complaints (3). The most common final diagnoses were idiopathic intracranial hypertension (19), CSF shunt malfunction or infection (3), and optic neuritis (3). Multivariable logistic regression showed that ONHE was associated with body mass index ≥35 kg/m 2 (odds ratio [OR] 1.9, p = 0.0002), younger age (OR 0.5 per 10-year increase, p < 0.0001), and visual loss (OR 5, p = 0.0002).
Bias, confounding, and other reasons for caution The study population was a convenience sample of patients for whom fundus photographs were available; hence, factors that hindered fundus photography may have confounded our results.
Generalizability to other populations
Patients were treated in a tertiary ED that routinely evaluates unusually severe cases. This may limit generalizability to patients treated in typical community EDs.
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